To determine the influence on blood pressure of relative weight from birth through adulthood in non-obese and juvenile obese men. DESIGN: Case-cohort study of obesity in Danish men, identified at age (mean AE s.d.) 19.8 AE 1.6 y at draft board examination, who participated in at least one of two follow-up studies in adulthood (age 36.8 AE 6.7 and 47.9 AE 6.8 y at first and second followup, respectively). Birth weight and weight and height from the age of 7 -13 y were collected from school health records. SUBJECTS: Three hundred and twenty-seven non-obese men (controls) selected as 0.5% of the draft board population and 285 obese men with body mass index (BMI) ! 31 kg=m 2 at draft board examination. MAIN OUTCOME MEASURES: Systolic and diastolic blood pressure measured twice in adulthood adjusted for current age. RESULTS: Birth weight was inversely related to systolic blood pressure at first and second follow-up, but only significantly so when adjusted for current BMI (regression coefficients in mmHg per unit Z-score (95% confidence interval (CI))71.2 (72.3, 7 0.1) and 71.6 (73.1, 0.0)). Change in Z-score from birth weight to BMI at the age of 7 y was significantly positively related to systolic blood pressure, but the relationship weakened by adjustment for current BMI (0.8 (0.1, 1.6) and 0.6 ( 7 0.4, 1.6), respectively). If both birth weight and change until 7 y were included in the same model, their effects were both positive and significant, but they weakened and became not significant when adjusted for current BMI. BMI since the age of 7 y had no significant effect on blood pressure beyond that of current BMI. CONCLUSION: In a wide range of adult BMI in men, the birth weight was inversely related to systolic blood pressure, even when controlled for BMI since the age of 7 y. However, the effect may reflect the weight change between birth and 7 y of age. After that age BMI had no additional effect on blood pressure beyond the effect of current BMI.
Introduction
In both adults 1 and children 2 obesity is associated with increased blood pressure, which leads to increase in risk of cardiovascular disease throughout the range of blood pressure. 3 Blood pressure decreases during weight loss and increases during weight gain. 1, 4 The mechanism behind the association between weight and blood pressure is not understood 5 and is probably complex since both current weight and change in weight in the preceding period seem to have an effect independent of each other. 6, 7 In the Swedish Obese Subjects Intervention Study blood pressure after an initial decrease had regained 8 y after gastric surgery even though a weight loss of 16% was maintained. 8 In a study of severely obese subjects only current weight had an influence on blood pressure, whereas self-reported duration of obesity since the age of 3 y had no influence. 9 Several studies have shown that blood pressure is inversely associated with birth weight. 10 This association is known as the 'fetal origin hypothesis' and was introduced by Barker who suggested that the fetus responds to undernutrition with permanent biological changes, which predispose to cardiovascular disease in later life. 11 Another explanation is that the observed adverse effect of a low birth weight is due to or strengthened by a relatively large increase in size after birth. 12, 13 In this study we have investigated the influence on adult blood pressure of birth weight and weight history during childhood and youth in a longitudinal study of men with juvenile onset obesity and a random control group from the same population.
Methods

Participants
The study population were Danish men, born between 1930 and 1956, who underwent draft board examination before 1978 in Copenhagen and the surrounding counties, who had attended school in the central municipality of Copenhagen and who had participated in at least one of two follow-up examinations in adulthood. They were identified from draft board records and based on BMI at draft board examination two groups were identified: a juvenile obese group consisting of all subjects with a BMI ! 31 kg=m 2 (n ¼ 1940); and a control group randomly chosen as 1.0% (n ¼ 3793) of the same population, ie from all the approximately 100Â3793 ffi 380 000 available draft board records. The population and the sampling design has previously been described in detail. 6, 14 Height and weight were available from draft board records 15 and school health records, in which birth weight, recalled by the mothers at first examination, was also available.
Follow-up examinations
Follow-up examinations were performed in 1981 -1983 and in 1992 -1994 . A random half of the subjects in the control group and all subjects in the juvenile obese group were traced using The Central Person Register and those who still were living in the Eastern part of Denmark (1504 controls and 1651 juvenile obese) were invited to participate in a health examination performed by the Copenhagen City Heart Study. 16 At the first and second follow-up examination 1134 and 920 control and 965 and 795 juvenile obese subjects participated, respectively. The duration of the interval between draft board examination and first and second follow-up examination were 4 -33 y and 16 -44 y, respectively. There was a considerable increase in the prevalence of obesity among the draftees during the study period, 17 wherefore the juvenile obese group were on average younger at the follow-up examinations than the randomly sampled control group.
At follow-up, subjects were weighed and measured (nonfasting) while wearing light indoor clothes and no shoes. Blood pressure was measured using a London School of Hygiene sphygmomanometer in the left arm after at least five minutes rest in the sitting position. 18 The diastolic blood pressure was measured at the disappearance of the Korotkoff sound (phase V). Subjects were asked if they used antihypertensive medication. Hypertension was defined as systolic pressure ! 160 mmHg, or diastolic pressure ! 95 mmHg, or both.
In the present study 327 control and 285 juvenile obese subjects were included. Since each control subject was randomly selected from 200 draft board records they correspond to a study population of approximately 66 000.
Statistical analyses
The Mann -Whitney test was used to compare baseline characteristics between the control and the juvenile obese groups and between subjects participating in both follow-ups and subjects only participating in the first follow-up. To make the effect of BMI measured at different times comparable, BMI was expressed as internally derived Z-scores ((observed value 7 mean)=s.d.) calculated from the mean and s.d. values in the control group in all analyses. For each child a BMI slope was calculated by linear regression analysis with age as an independent variable and the untransformed BMI values as dependent variables. This slope was then transformed into Z-scores. Multiple linear regression was used to estimate the influence of BMI and change in BMI in childhood and adolescence on blood pressure. In all the multiple regression analyses subjects who used antihypertensive medication were excluded. Logistic regression was used to estimate the risk for hypertension or use of antihypertensive medication or both. All analyses were adjusted for current age and were conducted separately for the control and juvenile obese group as well as in a common model, in which interaction of the two groups with the included variables and also the main effect of group, ie control or obese, were tested. Five persons were obvious outliers in scatter plots of blood pressure against BMI and in plots of the residuals of the performed regression analyses and were therefore excluded. This did not influence the main findings. Results were considered significant for P < 0.05. Due to the high number of performed regression analyses the risk of reaching statistical significance at this level was high, so in our interpretation we have focussed on the overall result pattern. All data analyses were performed using SPSS for Windows (version 10.0; SPSS Inc. Chicago, IL, USA).
Results
Characteristics for the control and juvenile obese subjects are shown in Table 1 . The juvenile obese subjects had slightly greater birth weight and greater BMI during childhood and at the two follow-up examinations than the control subjects (P < 0.05). Blood pressure, prevalence of hypertension (32% vs 15% and 53% vs 30% at first and second follow-up, respectively) and use of antihypertensive medication (5% vs 2% and 11% vs 3% at first and second follow-up, respectively) were also higher in juvenile obese than in the control subjects (P < 0.05, except for use of antihypertensive medication at first follow-up). In the control group, diastolic Blood pressure in relation to lifetime weight history L Schack-Nielsen et al pressure was higher at first follow-up in subjects not participating in the second follow-up compared to subjects participating in both follow-ups (median (range) 86.0 (54 -125) vs 82.0 (56 -120), P ¼ 0.011), whereas systolic pressure and BMI did not differ (data not shown). In the juvenile obese group, BMI was higher at first follow-up in subjects not participating in the second follow-up compared to subjects participating in both follow-ups (36.2 (23.6 -54.1) vs 33.6 (22.7 -54.0), P ¼ 0.005), but blood pressure showed no differences (data not shown). Linear regression analysis with blood pressure as a dependent variable and age and current BMI Z-score as independent variables showed that current BMI Z-score was positively associated with blood pressure in all models with regression coefficients ranging from 3.5 -4.4 mmHg per BMI Z-score for systolic and from 1.3 -3.1 mmHg per BMI Z-score for diastolic pressure (Tables 2 and 3 ). Current age was positively associated with systolic pressure for the control subjects at both follow-ups and with diastolic pressure for both groups at first follow-up. When analysing control and juvenile obese subjects together no interactions between groups (control or juvenile obese) and current BMI or age were found (data not shown) implying that the associations between age, BMI and blood pressure were not significantly different between the groups.
The regression analyses were then extended to include birth weight Z-score or BMI Z-score in earlier life in addition to current BMI Z-score and age (Tables 2 and 3 ). Birth weight Z-score was inversely and change in Z-score from birth weight to BMI at 7 y of age positively associated with systolic blood pressure, although for both only significant at first follow-up. BMI Z-scores in childhood were, except in a few analyses, not associated with systolic or diastolic blood pressure. The influence of changes in BMI Z-score from 7 -13 y, from 13 y to draft board examinations, and from draft board to follow-up examinations was also estimated (42 regression models). Except in two out of these 42 models there were no associations between change in BMI Z-score and systolic or diastolic blood pressure (data not shown).
There were no major differences in the results between analyses conducted separately for the control and juvenile obese group and analyses including both groups, and there were no significant interactions between group and any of the included variables. Figure 1 shows models exploring the combined effects of birth weight Z-score and BMI Z-score during childhood and youth (at the age of 7 and 13 y and at draft board examination) in addition to current BMI Z-score and age by including them in the same model. These models confirmed that the variables influencing systolic pressure were current age and BMI Z-score, which were positively associated with systolic pressure, and birth weight Z-score, which was negatively associated with systolic pressure. Diastolic pressure was positively associated with current BMI Z-score at both follow-ups and with age at the first follow-up. BMI Z-score at 13 y of age was negatively associated with diastolic blood pressure at first follow-up (P ¼ 0.05).
In Table 4 the importance of birth weight Z-score and early weight change Z-score were explored further and both models, with and without adjusting for current BMI Z-score, Blood pressure in relation to lifetime weight history L Schack-Nielsen et al are presented. When the models were not adjusted for current BMI, the inverse effect of birth weight on systolic blood pressure disappeared, whereas the positive effect of change in Z-score from birth weight to BMI at the age of 7 y was strengthened. Change in Z-score from birth weight to BMI at the age of 7 y was also positively associated with diastolic blood pressure not adjusted for current BMI. If both birth weight and change in weight Z-score from birth to the age of 7 y were included in the same model and adjusted for current BMI, the inverse effect of birth weight and the positive effect on change in weight Z-score from birth to 7 y of age were weakened and not significant. If current BMI was not adjusted for, the effect of birth weight was reversed to significant positive, whereas the effect of weight Z-score change remained significant positive. For diastolic blood pressure the models including both birth weight and change in weight Z-score from birth to the age of 7 y, showed that if adjusted for current BMI there were no effect of neither of them, whereas without adjustment for current BMI the effect of both were significantly positive as in the model with systolic blood pressure as a dependent variable.
The influence of BMI Z-score and change in BMI Z-score in earlier life on adult blood pressure after adjusting for current BMI Z-score and age was also estimated in logistic regression analyses (not shown) with cases defined as subjects with hypertension, use of antihypertensive medication or both. In the logistic regression models current BMI Z-score and in most models also age increased the risk of hypertension or use of antihypertensive medication. The overall pattern was that BMI Z-score or change in BMI Z-score in earlier life had no influence on systolic or diastolic blood pressure, since in only 2 out of 60 analyses was there a significant influence of BMI Z-score or change in BMI Z-score in earlier life. Birth weight Z-score was not associated with risk of hypertension or use of antihypertensive medication. a In all models current BMI and age were also included, and each row, except for current age and BMI, represent a separate analysis. Subjects reporting use of antihypertensive medication were excluded. b All models were tested for interaction between group (control or juvenile obese) and age and BMI, but in all models the interactions were not significant and are not included in the presented models. c P ¼ 0.052. d Change in Z-score from birth weight to BMI at 7 y of age.
* P < 0.05; ** P < 0.01; and *** P < 0.001.
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Discussion
In this study of two groups of men with very different weight history in childhood and young adulthood it was found that from the age of 7 y weight history had no discernible influence on adult blood pressure in addition to current BMI. The birth weight was inversely related to systolic blood pressure, but significantly so only when adjusted for current BMI. The change in weight from birth to 7 y of age was strongly and significantly positively related to systolic blood pressure, but this effect weakened when adjusted for current BMI. When both birth weight and weight change until 7 y of age were included in the same model, the effects of both were significantly positive, but weakened and not significant when adjusted for current BMI. The associations with diastolic blood pressure were weaker and there was no association with prevalence of hypertension. There was no evidence for different effects among the juvenile obese and the control group.
Limitations and strengths of the study Obesity was defined on the basis of BMI, which for adults is a widely accepted index of obesity at the population level, and for children and adolescents seems to be a reasonable measure of fatness, 19 although it does not differentiate between fat and non-fat body mass or between different types of obesity, which possibly influence blood pressure. 1 Measurement of blood pressure is affected in the short term by many variables, including cigarette smoking, exercise, mental and physical stress and ambient temperature 20 and so is also subject to considerable variation.
The strength of the present study is that, due to the sampling design, the juvenile obese group represented the most extremely obese of all draftees, whereas the control group was representative of all draftees. Hence, the same analyses were performed in two groups of men with very different weight history. Furthermore, BMI was at all times measured instead of being self-reported. Birth weight was based on mother's recall at the age of 6 -7 y, but this is 
a In all models current BMI and age were also included, and each row, except for current age and BMI, represent a separate analysis. Subjects reporting use of antihypertensive medication were excluded. b All models were tested for interaction between group (control or juvenile obese) and age and BMI, but in all models the interactions were not significant and are not included in the presented models. c Change in Z-score from birth weight to BMI at 7 y of age.
Blood pressure in relation to lifetime weight history L Schack-Nielsen et al reported to be a fairly valid measure. 21 Both draft board and school health examination were mandatory eliminating risk of selection bias at this stage, whereas follow-up examinations were voluntary and so subject to possible follow-up bias. Response rate at the first follow-up has been analysed previous 6 in a larger sample of subjects (n ¼ 2098), which was not constrained to subjects for whom school health records were also available. 22 The response rate was lower in the juvenile obese than in the control subjects (58 vs 75%), but morbidity, evaluated on the basis of hospital admission records among responders and non-responders, and among the control and the juvenile obese subjects showed no significant differences. 22 At the second follow-up, participation tended to be inversely associated with blood pressure and obesity at first follow-up, but since the same overall results were found at both follow-up examinations, we have no reason to believe that the possible attrition of the sample introduced bias in the explored relationships.
Weight history and blood pressure
The influence of weight history on blood pressure was estimated by including both current BMI and BMI in earlier life in the same regression models. The tracking of BMI throughout life implies that it is the influence on blood pressure of the deviation in BMI in earlier life followed by a relative decline from the level predicting adult BMI that is examined by this model. A positive regression coefficient suggests that for a given current BMI, a relatively high BMI in earlier life followed by a relative decline will be associated with a higher blood pressure. A negative coefficient suggests that for a given current BMI, a relatively low BMI in earlier life and a later increase in BMI will be associated with a higher blood pressure. The overall pattern of our analyses indicates that BMI or changes in BMI since the age of 7 y had no effect on adult blood pressure in addition to the effect of current BMI. Development of extreme obesity during childhood to a degree exceeding that corresponding to the current degree of obesity therefore seems not to increase the well known adverse effect of obesity on blood pressure. This conclusion is supported by the same findings in two groups of men who from early life had very different weight histories. In agreement with this a study including only obese subjects reported that after adjusting for current BMI, duration of obesity had no influence on blood pressure. 9 Further, a study of middle-aged men reported that after adjusting for current BMI, childhood BMI had no effect on blood pressure in men. 23 However, the same study found for women a trend towards an adverse effect of a low childhood BMI on adult blood pressure adjusted for current BMI, 23 and this was also found in a study of old subjects analysing men and women together. 24 These studies thereby, in contrast to ours, suggest that weight history has an influence on blood pressure.
Birth weight and early weight change Birth weight was inversely associated with systolic blood pressure, but only after adjustments for current BMI, whereas a recent review concluded that the association was not dependent on, albeit strengthened by, adjustments for current body size. 10 In our study the effect of birth weight on systolic blood pressure was only significant when the control and juvenile obese subjects were analysed together, but the coefficients were of the same size in the separate analyses, suggesting that this is due to the increased power in the analysis containing both groups, and not to the different weight history in the two groups.
Change in weight from birth to the age of 7 y tended to be positively associated with blood pressure adjusted for current Figure 1 Linear regression models (b, 95% confidence interval) with blood pressure as dependent variable and current age, current BMI, BMI in earlier life (at the age of 7 and 13 y and at draft board examination) and birth weight as independent variables in the same analysis. Both control and juvenile obese subjects are included (n ¼ 356 and 265 at first and second follow-up, respectively).
Blood pressure in relation to lifetime weight history L Schack-Nielsen et al BMI, but when both birth weight and early weight change were included in the same model, the effect of both were weakened. Subjects with a low birth weight had a significantly higher change in weight Z-score from birth to the age of 7 y (data not shown). This implies that it is difficult to separate their effects since one of them could simply act as a marker of the other, eg the apparently adverse effect of a low birth weight could reflect an adverse effect of a high early weight gain. Lucas et al has suggested that when birth weight only has an adverse effect on a later outcome variable, when it is adjusted for current size, it is an adverse effect of a large change in size, which is seen. 12 In agreement with Eriksson et al, 25 we do not think that data on growth can be interpreted that simply, since growth at different ages cannot be treated as independent of each other. A Finnish study of men tried to separate the effects of pre-and postnatal growth, and found in boys who were thin at birth that a large increase in BMI after the age of 1 y increased the risk of death from cardiovascular disease, suggesting that both intrauterine growth, growth in early life and their interaction is of importance. 25 However, since adult BMI was not known it cannot be excluded that the adverse effect of a high early growth velocity is due to those with a high early growth velocity being the most obese in later life. This is suggested by our study and a study by Law et al 26 showing that adjustments for current BMI weakened the influence of early weight change on blood pressure, which was seen both in models with and without birth weight.
On the other hand, the influence of adjusting for current BMI on the effect of birth weight on blood pressure was dependent on whether early weight change was also included in the model. When early weight change was included and current BMI was not adjusted for, the effect of birth weight was changed to highly significant positive, but when early weight change was not adjusted for, the effects of birth weight was negative, although weaker and not significant. The explanation could be that the positive association between birth weight and current BMI is stronger if early weight change is also adjusted for (data not shown). Hence, the effect of birth weight on blood pressure as a marker of current BMI could be stronger than its adverse effect due to early programming. This is probably especially clear in our data due to the over representation of extremely obese subjects, and was not seen in a study including subject with BMI values in a much narrower range. 26 
Conclusion
In conclusion we found, in a study of control and juvenile obese Danish men, that weight history since the age of 7 y had no influence on adult blood pressure in addition to current BMI. This has implications for the understanding of the relationship between obesity and blood pressure, and the long-term consequences of childhood obesity. Birth weight was negatively, and weight gain from birth to the age of 7 y tended to be positively related to systolic blood pressure when taking current BMI into account. This suggests an a In all models current age was also included, and each row, except the last two, represent a separate analysis. Subjects reporting use of antihypertensive medication were excluded. All models were tested for interaction between group (control or juvenile obese) and age and birth weight or BMI, but in all models the interactions were not significant and are not included in the presented models. b For current BMI. c P ¼ 0.052. d Change in Z-score from birth weight to BMI at 7 y of age. e P ¼ 0.059. f The estimates of coefficients for birth weight and D0 -7 y d are from the same two models with blood pressure measurements in 1981 -83 and 1992 -4, respectively. * P < 0.05; ** P < 0.01; and *** P < 0.001.
Blood pressure in relation to lifetime weight history L Schack-Nielsen et al adverse effect of a low intrauterine growth or of a high gain in weight before the age of 7 y on adult systolic blood pressure. The associations with diastolic blood pressure were weaker and there was no association with prevalence of hypertension.
